Context. A significant number of the Wolf-Rayet stars seem to be binary or multiple systems, but the nature of many of them is still unknown. Dedicated monitoring of WR stars favours the discovery of new systems. Aims. We explore the possibility that WR62a is a binary system. Methods. We analysed the spectra of WR62a, obtained between 2002 and 2010, to look for radial-velocity and spectral variations that would suggest there is a binary component. We searched for periodicities in the measured radial velocities and determined orbital solutions. A period search was also performed on the "All-Sky Automated Survey" photometry. Results. We find that WR62a is a double-lined spectroscopic binary with a WN5 primary star and an O 5.5-6 type secondary component in orbit with a period of 9.1447 d. The minimum masses range between 21 and 23 M ⊙ for the WN star and between 39 and 42 M ⊙ for the O-type star, thus indicating that the WN star is less massive than the O-type component. We detect a phase shift in the radial-velocity curve of the He ii λ4686 emission line relative to the other emission line curves. The equivalent width of this emission line shows a minimum value when the WN star passes in front of the system. The analysis of the ASAS photometry confirms the spectroscopic periodicity, presenting a minimum at the same phase.
Introduction
Wolf-Rayet stars frequently occur in binary systems. In fact, multiplicity seems to be one of the most striking properties of massive stars (cf. Sana & Evans 2011) . van der Hucht (2001) has found 38% binaries and possible binaries among a total of 227 WR stars. Langer & Heger (1999) argue that most of the Supernova Type Ib/c occur in WR + OB interacting binary systems, and given the statistics derived from the SN observed, it would be expected that more WR stars are detected in binary systems than as single stars. Another reason is provided by the observation of late-type WC stars (WC8 -9). These stars exhibit thermal emission from hot dust, and it is generally accepted that the production of dust is a consequence of the binarity, where the dust is created via the collision of hydrogen-rich and carbonrich winds from the respective OB and WC stars (Usov 1991) . Moreover, a systematic high-resolution spectroscopic survey of O and WN stars (OWN Survey; Barbá et al. 2010) has found that nearly 60% of the sample are candidates to belong in binary or multiple systems. Therefore, the binary fraction is expected to be higher than what was found by van der Hucht, that is, the binarity appears to play a key role in the formation of WR stars. In recent years, the discovery of new binary systems has been ⋆ Fellow of CONICET, and visiting astronomer, Cerro Tololo InterAmerican Observatory (Chile) and CASLEO (Argentina). ⋆⋆ Visiting astronomer, Cerro Tololo Inter-American Observatory (Chile) and CASLEO (Argentina). ⋆⋆⋆ Visiting astronomer, Las Campanas Observatory and Cerro Tololo Inter-American Observatory, Chile. favoured thanks to technological advances, allowing us to understand a little more about the nature of massive stars.
The stellar mass is a fundamental astrophysical parameter whose knowledge, together with the rate of mass loss, chemical composition, and rotation, determines the properties and evolution of stars (Meynet & Maeder 2005) . Observing binaries, particularly double-lined spectroscopic binary systems (SB2) that are eclipsing, is the most direct way to obtain accurate stellar masses.
We are carrying out spectroscopic monitoring of faint southern galactic Wolf-Rayet stars in order to discover new binary systems. One of the most conspicuous radial-velocity (RV) variables observed in our sample is WR62a. Shara et al. (1999) . They classified it as WN4-5o, which means that they did not identify absorption lines in the spectrum.
In this paper, we present the first detailed spectral analysis for WR62a. We demonstrate that it is a short-period SB2. We also report a phase shift in the orbital solution of one of its emission lines and discuss the photometric variability of the star.
Observations and data reduction
We have obtained a total of 28 spectral images of WR62a. The images were acquired with the 4-m V. Blanco telescope at Cerro Tololo Inter-American Observatory (CTIO), Chile; the 2.5-m du Pont telescope at Las Campanas Observatory (LCO), Chile; and the 2.15-m J. Sahade telescope at Complejo Astronómico El Table 1 for a summary of the observations. We have acquired spectra at CTIO using the Ritchey-Chretien (R-C) spectrograph, at CASLEO employing the REOSC spectrograph, and at LCO using a Boller & Chivens (B-C) spectrograph. The procedure for obtaining LCO spectra are also described in detail by Sota et al. (2011) . Slight differences in the spectral ranges listed in Table 1 are due to changes in the grating angle among the observing runs.
Typical exposure times for spectra were between 15 and 40 min, resulting in spectra with signal-to-noise ratios S/N ∼ 50 -150. Comparison lamp spectra of He-Ne-Ar (or Cu-Ar with REOSC spectrograph) were observed immediately after or before, at the same telescope position as the stellar exposures. Bias and flat-field images were also obtained each night. We did not observe a telluric standard star since there are not many atmospheric absorption lines in the wavelength range of our spectra. All spectra were processed with IRAF 2 routines.
Results and discussion
3.1. The spectrum of WR 62a
Our spectra reveal that WR62a is a double-lined WR+OB binary system. Several absorption lines are detected in our spectra. The spectra obtained at different epochs show that the absorption lines have different radial-velocity shifts, from those of the emission lines, suggesting that the system is an SB2. We used an iterative procedure similar to the one developed by Marchenko et al. (1998) to separate the composite spectrum into the spectra from the two components of the binary. First, we begin by shifting the spectra to its respective radial velocity and calculating the mean spectrum to be used as a template of the WN. Second, the RV-shifted mean WR spectrum is subtracted from the original spectra, obtaining the remaining O-type spectra. Then, they are shifted to their corresponding RV of the absorption lines and combined to get the template of the O-type star. After that, the (RV-shifted) mean O-type spectrum is subtracted from the observed spectra and a new purer WN-type spectrum is obtained.
That is to say, the spectra are shifted, combined, and subtracted appropriately to compute the individual spectra of the stellar components. We noted that the method converges after a few iterations.
After separating the respective spectra (see Fig. 1 ), we performed a more detailed spectral classification. Relative intensities of N iii, N iv, He ii, and C iv emission lines in the WR spectrum indicate a WN5 spectral type (according to the criteria given by Smith et al. 1996) , confirming the classification proposed by Shara et al. (1999) .
In the disentangled spectrum of the O-type star, we identified absorption lines of Hα, Hβ, Hγ, Hδ, He i λλ 4026, 4471, and 5875, and also He ii λλ 4200, 4542, 4686, and 5411, as well as the C iii 5696 emission line. The comparison between the He i λ4471 and the He ii λ4542 absorption lines indicates that the O-type star is earlier than O7 spectral type; i.e., the intensity of the former He i line is fainter than that of the He ii line. An improved spectral classification was achieved through the comparison of the O star spectrum with the MK standards from the new Atlas for spectral classification (Sota et al. 2011) . Thus, an O 5.5-6 type is determined. A luminosity class is not possible to determine owing to the profile variations in the emission lines of the WN-type component which introduce residuals in the resulting O-type spectrum (for example around 4600 − 4700Å).
Analysis of radial velocities
We have determined the RVs of the WN component of WR62a by measuring the position of the stronger emission lines, i.e. N iv λ4058, N v λ4604, and He ii λλ4200, 4542, 4686, and 5411. For the O-type star, we determined a mean RV value for each spectrum by averaging the RV measurements derived from the absorption lines. These measurements are listed in Table 2 .
The strongest emission line in our spectra corresponds to He ii λ4686, so we could measure this line even in spectra with poor signal-to-noise ratios. The RVs of this line show large variations from night to night, suggesting an orbital period of a few days. We have searched for periodicities by means of the algorithm published by Marraco & Muzzio (1980) . This method divides the observations into several phase intervals and computes the variance with respect to the best-fitting straight line in each interval. The most probable period obtained corresponds to 9.144 d (Fig. 2) , and it is used as ian initial value to feed orbital solutions for the RV data. Marraco & Muzzio (1980) code. The dispersion (Yaxis) is the parameter used to estimate the quality of the fitting for each trial period. This value is the total variance of the bestfitting straight line to the observations in each phase interval.
We performed orbital fits to each dataset of RVs, using the gbart 3 program. It is clear that the determined RVs for the different spectral features show the same periodicity (see Table 3 ), and 3 gbart is an improved version of the program originally written by Bertiau & Grobben (1968) and developed by Federico Bareilles. thus, we adopted the straight mean of the periods as the definitive value for the orbital period. The ephemeris adopted for WR62a is T 0 = 2, 455, 038.9 + 9.1447d × E
where T 0 is the time when the WN star passes in front of the system, as in the normal convention for eclipsing WR+OB systems. Then, we calculated the orbital solutions with the period fixed to this average. The orbital parameters derived for each RV dataset are presented in Table 4 (with their corresponding probable errors). To determine the T 0 of the system, we neglected the very low eccentricity, averaging all the T RVmax values of the emission lines of Table 4 and calculating the T 0 as < T RVmax > +0.75 × P, which coincides with the primary minimum of the lightcurve (as will be shown in Sect. 3.4). Some orbital solutions are illustrated in Fig. 3 . The RV curves are phased with the ephemeris from Eq. 1. In Fig. 3 and Table 4 , a phase shift between the He ii λ4686 line and other emission lines is noticeable. As a result, the T RVmax value for this line was excluded from the calculus of the ephemeris. This phase-shift effect is also detected in other close WR binary systems, e.g. HD 90657 (WR 21; Niemela & Moffat 1982; Gamen 2004), HD 94546 (WR 31; Gamen 2004), and HDE 320102 (WR 97; Niemela et al. 1995; Gamen 2004) , and usually interpreted as a sign of colliding winds. The amplitudes and systemic velocities of the orbital motion determined from the RV of different emission lines show differences. The amplitude of N v λ4944 shows the lowest value, while He ii λλ4200, Table 2 . Observed heliocentric radial velocities of WR62a. The mean FWHM and mean EW of each emission line measured from the separated spectra are indicated in the last two rows, respectively. 4541, and 5411 emission lines appear somewhat larger. The systemic velocities of emission lines (except N iv λ4058 and N v λ4944) are redshifted relative to that of the absorption lines. This is a known phenomenon in WR+OB systems, which indicates that emission lines are being formed in different regions of the WN wind (cf. Niemela & Moffat 1982; Niemela et al. 1995) , or perhaps are still affected by the absorption lines of the secondary. From Table 4 and Fig. 4 it is also evident that the absorption lines (the mean of H, He i, He ii) move in anti-phase with the emissions, thus they belong to a secondary component. Besides, the semi-amplitude of the orbit of this companion is lower than the WN one (regardless of emission line used), which means that the secondary is more massive than the WN component.
We performed fits of the orbital solution for both components together, by means the gbart program. It is widely known that the RVs of the different emission lines do not strictly follow the same orbital motion in WR binary systems, which is often attributed to their different line-forming regions. We assumed that the orbital motion of the WN star is better represented by the RVs of the highest ionization emission lines, namely, N iv λ 4058 Å and N v λ 4604 Å. The O-type star is depicted by the RVs of the mean of some absorption lines. To perform the simultaneous fit of both RV curves, we shifted the emission-line RVs to match the systemic velocity derived for the O-type component. Therefore, the RVs of N iv and N v were shifted by 80 km s
and −86 km s −1 , respectively (see Table 4 ). These solutions are shown in Table 5 and Fig. 4 . Thus, the secondary component is confirmed as the more massive star. Depending on which orbital solution is considered, the mass of the O-type star ranges between 39 and 42 M ⊙ , and the WN mass, between 21 and 23 M ⊙ . The mass ratio (q) obtained agrees with the values determined in other WN5+OB systems (van der Hucht 2001). The low eccentricity determined using different datasets indicates that the orbit is almost circular, although such a low value should not be neglected.
Analysis of spectral features
In Fig. 5 , we show the He ii λ4686, line at four different orbital phases; the absorption line of the secondary can be seen to be moving in anti-phase with respect to the emission line peak. In some phases, this emission line shows an asymmetric profile, perhaps indicating some additional contribution from the windwind colliding region. We measured the equivalent width (EW) Table 4 . The orbital parameters (with their respective probable errors) derived from the radial velocity curves of N iv, N v, C iv, He ii emission lines, and the mean absorption. 5032.1 ± 0.5 5032.0 ± 0.7 5032.2 ± 0.5 5032.1 ± 0.4 5031.4 ± 0.4 5031.8 ± 0.3 5032.3 ± 0.5 5032.2 ± 0.4 5036.1 ± 0.5 * T RVmax = Time of maximum RV in Heliocentric Julian days −2, 450, 000 Fig. 3 . Radial velocities of N iv λ4058 , N v λ4604, C iv λ5812, and He ii λ4686 emission lines phased with the ephemeris of Eq. 1. Continuous curves represent the orbital solutions from Table 4 . The phase shift of the He ii line is noticeable.
and full-width at half-maximum (FWHM) of the He ii λ4686, N iv λ4058, and N v λ4944 emission lines. We detected a certain variability of these line parameters, which seems to be modulated through the orbit (see Fig. 6 ). The behaviour of the EW of the He ii line is very noticeable: it decreases around phase φ=0.0, when the WN star is in front of the system. This phenomenon is also found in other WR+OB binary systems, i.e. WR21 and WR47 (Gamen 2004) , and HD 5980 , explained as if the emission line had an additional non-stellar component, originating in the colliding-winds region, which is eclipsed during the conjunction phase. . The ephemeris given in Eq.1 was used to generate the RV curves. 
Analysis of the available photometry
As the SB2 orbital solution for WR62a suggests high minimum masses for both components of the system and the EW of the He ii λ4686 emission line has a minimum at one of the conjunctions, we would expect to observe photometric variability (eclipses, for instance). We, therefore, analysed the data published in the "All-Sky Automated Survey" (ASAS; Pojmański 2001), which gives the V magnitudes for this star. Again, using the code of Marraco & Muzzio (1980) , we searched the ASAS data for periodicities and obtained the most probable period of 9.1438±0.0009 d, very similar to the period obtained from our RV analysis (see the periodogram in Fig. 7 ). In Fig. 8 , we have plotted the ASAS V magnitudes against the orbital phases generated using the ephemeris given in Eq. 1. We see a V-shaped dip at φ = 0.0. A much shallower dip is marginally detected at φ = 0.5. To improve the visualization of the variations, we also show the data points averaged in phase bins of 0.01 in Fig. 8 . The shape of the dip at φ = 0.0 calls the non-photospheric eclipsing binaries analysed by Lamontagne et al. (1996) . In that paper, the authors analysed the eclipsing binary systems WR21 and WR47, where, as we described in the previous sections, the He ii λ4686 emission line also shows a phase shift in RVs and a minimum of the EW when the WN star passes in the front of the system. The scenario where an additional emission component to the He ii λ4686 emission is formed in a colliding-wind region, which is being eclipsed by the WN component, should also apply. However, the accuracy of the ASAS data does not allow us to determine the inclination of the system, hence the absolute masses for both components. The V magnitude of WR62a is close to the faint limit of the ASAS survey. More accurate photometry is required to confirm or rule out the eclipsing nature of this binary. 
Conclusions
From our spectroscopic observations and analysis of the RV of the lines detected in the spectra of WR62a, we discovered that it is a double-lined binary system with a 9.1447 d orbital period. The relative intensities of the emission lines detected in our spectra confirm that the spectral classification of the WN star as WN5, while the absorption lines identified for the secondary star corresponds to an O 5.5-6 spectral-type. The emission lines of N, C, and He ions originated in the WR star follow the same movement and orbital period, but we detect a slight phase shift in the He ii λ4686 emission line, which may be due to asymmetries in the line-forming region. We performed fits of the orbital solution for both components by considering two possible RV datasets of the WN star. From these solutions, we confirm that the O-type star is more massive than the WN star. The minimum mass derived for the O-type star ranges from 39 to 42 M ⊙ , and for the WN-type star from 21 to 23 M ⊙ , depending on which emission line is used to represent the orbital motion of the WN star, i.e. N iv λ4058 or N v λ 4604 respectively.
We detected variations in the EW of the He ii λ4686 emission line with the orbital period, showing a ∼30% "dip" around φ = 0, where the WN star is in front. This effect suggests that an additional emission component to this line, originated in a collidingwind zone, is being eclipsed. Analysing photometric data from ASAS, we also identified a minimum when the WN star is in front of the system. Additionally, a very marginal secondary dip is detected in the opposite orbital phase (around φ = 0.5). The quality of ASAS data does not allow us to determine the inclination of the system hence the absolute masses for both components. To confirm the eclipsing nature of WR62a, we need more accurate photometry.
The spectrum of WR62a shows a remarkable resemblance to the WR+O binary system WR21 (Gamen 2004) . Similar phenomena are found in both binary systems. These systems could be used as test benches for geometric colliding-wind models.
